Abstract: Recently, reports regarding a foreign body in the maxillary sinus have considerably increased, with the majority being iatrogenic cases resulting from dental treatment. This study involves an extensive review of the Japanese literature, including 112 papers from 1978 to 2017. These papers documented total 407 cases of a foreign body in the maxillary sinus. Among the 392 cases for which treatment details were available, the Caldwell-Luc approach was used for 216, the alveolar approach for 116, extraction using nasal endoscopy for 15, and extraction using oral endoscopy for eight. Spontaneous passage occurred in 19 cases, follow-up with medication was used in 17, and "other" was noted in one. This study determined that surgical removal remains the most common method for treating both tooth roots and other foreign bodies and that the Caldwell-Luc approach is used in majority of the surgeries. No marked differences were noted among the removal methods used in relation to the foreign body type.
Introduction
Reports of a foreign body in the maxillary sinus date back many years (1, 2) . Iatrogenic cases resulting from dental treatment account for over 60% of cases (3) (4) (5) (6) , and approximately 25% of such cases are caused by trauma (6, 7) . Recently, implant treatment has become widespread, and this appears to have been accompanied by increasing reports of implant displacement (8) . However, there has been a paucity of large-scale literature reviews for clarifying approaches used for the removal of foreign bodies from the maxillary sinus. This study includes an extensive review of the literature concerning this topic, primarily focusing on treatment methods. DE, dental equipment; DM, dental material; EXT, extraction; IMP, dental implant placement; RCT, root canal treatment; AA, alveolar approach; CL, Caldwell-Luc approach; M, medication; NE, nasal endoscopy; OBS, observation; OE, oral endoscopy; SP, spontaneous passage. between the maxillary sinus and oral cavity, maxillary sinusitis as a complication, and the adopted treatment method. Further clinical investigations were conducted by dividing the treatment method and type of foreign body according to the time they were reported.
Results

Gender and age distribution
Of the total 407 cases, 205 were males, 198 were females, and four were not identified ( Table 2) . Patient ages ranged from 10 to 80 years, with majority of the cases being in their twenties (111 cases; 27.2%) ( Table 3) .
Foreign body type
Tooth roots were the most common type of foreign body, accounting for 220 of 407 cases (54.0%). Dental implants accounted for 86 cases (21.1%), dental materials (DM) for 57 (14.0%), dental equipment (DE) for 19 (4.7%), and "other" for 25 (6.2%). Among the 57 cases involving DM, root canal filling materials were the most common, accounting for 47 cases (82.5%). Impression material and cavity filling materials were also noted. The 19 cases involving DE included elevators, drill bits, files, interdental brushes, or other equipment. Further, there were cases involving glass, barium, bamboo fragments, and calculus.
Time from discovery of a foreign body to visiting a hospital Among the 407 cases, 332 (81.5%) contained information regarding the time taken from discovery of a foreign body to visiting a hospital. Patients visited the hospital on the same or the following day in 68 cases (20.5%), between two days and one week in 64 (19.2%), between eight days and one month in 58 (17.5%), between one month and one year in 66 (19.9%), between one and five years in 51 (15.4%), and over five years in 25 (7.5%) ( Table 4) .
Presence of communication between the maxillary sinus and oral cavity
Among the 407 case reports, 210 (51.5%) contained information regarding the presence of communication between the maxillary sinus and oral cavity. Such communication was evident in 72 cases (34.3%) and not evident in 138 (65.7%).
Maxillary sinusitis as a complication
Among the 407 case reports, 292 (71.7%) contained information about the presence or absence of maxillary sinusitis as a complication, based on clinical and imaging findings. Maxillary sinusitis was present in 180 cases (61.6%) and absent in 112 (38.4%).
Foreign body treatment methods
Surgical treatment was categorized into the alveolar approach (AA), which enlarged the socket, and the Caldwell-Luc approach (CL), which accessed the maxillary sinus from the canine fossa. Other maxillary sinus treatments included the combined use of radical maxillary sinus surgery for removal of the maxillary sinus mucosa, and the combined use of oroantral fistula closure for cases where there was communication with the maxillary sinus. Methods involving the use of an endoscope for extraction included dilation of the natural ostium (nasal endoscopy or NE), and insertion of an endoscope after the creation of a small hole via oral cavity canine fossa (oral endoscopy or OE). Among the 407 case reports, 392 (96.3%) contained information regarding the treatment method and were used for the investigation.
The Caldwell-Luc approach was used in 216 cases (55.1%), the AA in 166 (29.6%), extraction using NE in 15 (3.8%), and extraction using OE in eight (2.0%). In addition, spontaneous passage (SP) of the foreign body was reported in 19 cases (4.8%), follow-up with medication (M) in 17 (4.3%), and "other" in one case (0.4%).
Of the 216 cases using the Caldwell-Luc approach, radical maxillary sinus surgery was also used in 45 (18.3%). Among the 116 cases using the AA, oroantral fistula closure was also employed in six (5.2%).
The foreign body was broadly categorized into "tooth root" and "other", and the treatment methods were investigated. The Caldwell-Luc approach was used for tooth root in 109 cases (27.8%) and for "other" in 107 (27.3%), representing approximately equal use across the two categories. The AA was used for tooth root in 88 cases (22.4%) and for implant in 13 (3.3%) (Fig. 1) .
Investigation by time
The 407 cases included in this study were divided into four time periods and analyzed. The periods adopted were 1978-1989, 1990-1999, 2000-2009, and 2010-2017 .
Because of investigating foreign body types by period, the implant as a foreign body tended to be increasing; however, no difference was observed for tooth root and other foreign bodies (Fig. 2) .
In terms of the treatment methods employed in the various time periods, no difference was observed for the AA or the Caldwell-Luc approach; however, the use of endoscopic treatment showed an increase over time, albeit small (Fig. 3) .
Discussion
The maxillary sinus is the largest paranasal sinus and is covered by the respiratory epithelium, i.e., mucussecreting pseudostratified ciliated epithelium. Reports of a foreign body in the maxillary sinus date back many years, and iatrogenic cases resulting from dental treatment (such as tooth extraction) account for approximately 60% (3) (4) (5) (6) . Cases accompanying the extraction of the maxillary first molar are most frequent (9,10); however, the recent increased use of implant treatments has resulted in increasing reports of a foreign body in the maxillary sinus arising from this procedure (8, (11) (12) (13) (14) . Statistical examinations in this study were conducted over four periods of time: 1978-1989, 1990-1999, 2000-2009, and 2010-2017 . A comparison of these time periods reveals a marked increase over time in cases involving an implant (Fig. 3) . Details of the mechanisms by which foreign bodies produce sinusitis are unknown. However, the likelihood of complications associated with a foreign body within the maxillary sinus is high (11) , and these include maxillary sinusitis and aspergillosis. Accordingly, it is desirable to remove such foreign bodies (3, 5, 6, 13, 15) . However, some reports have described long-term followup without the occurrence of irritation (16) , and indeed, such cases are relatively common in the present survey (17 cases: 4.3%). Furthermore, in 19 cases (4.6%), SP of the foreign body is seen. Some of these navigate through the natural ostium with movement of the maxillary sinus mucosa epithelium vibrator (17) . However, only a foreign body that is small relative to the natural ostium has the likelihood of being spontaneously passed. Furthermore, if maxillary sinusitis occurs, the natural ostium may become sealed, making navigation difficult. Therefore, a decision about treatment of such a foreign body must be made with full patient consultation. If removal is not performed, follow-up including periodic imaging examination is necessary (16) .
The presence or absence of maxillary sinus inflammation is determined based on clinical and imaging findings. In this review, information on the presence or absence of maxillary sinusitis complications is available for 292 cases. Maxillary sinusitis is present in 180 cases (62%) and absent in 112 (38%). Reports from various studies indicate that the frequency of maxillary sinusitis in cases involving a foreign body ranges from 48% (15) to 73% (18) . However, the results of our study suggest that a foreign body is a significant cause of maxillary sinusitis; therefore, early removal is desirable.
The presence of inflammation and the presence/ absence of a foreign body are usually confirmed using panoramic X-ray, which is available at many dental clinics. Computed tomography can provide the accurate location of a foreign body and can indicate the degree of inflammation. Such information is required for the diagnosis and treatment of maxillary sinusitis and for planning the strategy for foreign body removal.
Methods used for foreign body removal differ according to the size and location of the foreign body (6) . These include the AA, which enlarges the socket (19), the Caldwell-Luc approach, which opens the maxillary sinus from the canine fossa (19) (20) (21) , and more recent methods using endoscopes (15, (22) (23) (24) (25) . The AA is effective when the foreign body is in the lower part of the maxillary sinus and not perforating the mucous membrane. This study reveals that using the AA is adopted in many cases involving a displaced tooth root. Tooth root displacement is most common when removing the maxillary first molar, due to its anatomy (9, 10) . Many practitioners notice the displaced root at the time of tooth extraction and complete extraction via the socket, if the movement of the root within the maxillary sinus is minimal. The AA is strongly recommended when visualization of the lower part of the maxillary sinus cannot be maintained (1).
The Caldwell-Luc approach involves opening the canine fossa to allow access to the foreign body within the maxillary sinus. This approach is first reported in 1893 by George Caldwell and then in 1897 by Henri Luc (26, 27) . Based on a review of the literature, Huang et al. have concluded that the Caldwell-Luc approach is a safe and fast procedure (20, 28) . They also report that the Caldwell-Luc approach is suitable for treatment of odontogenic maxillary sinusitis, and the results of treatment without the creation of a nasoantral window are favorable (27) . Several reports summarizing cases of a displaced implant have also described removal through the Caldwell-Luc approach (8, 11, 21, 29) . The present review suggests that the Caldwell-Luc approach is the most commonly employed procedure, with little change in its frequency of use over time.
Analysis of treatment methods over time reveals an increase in the use of endoscopy; however, the number of such cases remains small. Most foreign bodies in the maxillary sinus are removed through surgery (Fig. 3) . Removal using endoscopy is classified into two categories: an approach from the nasal cavity or NE (24) and an approach from the oral cavity or OE (22, 23, 25) . As the nasal approach is facilitated via the natural ostium, it is minimally invasive. However, limitations because of the size of a foreign body are considerable (30) , and it is difficult to reach areas near the floor of the maxillary sinus (11, 31) . When approaching via the oral cavity, an endoscope is used after making a small incision in the canine fossa, like in the Caldwell-Luc approach. This is referred to as functional endoscopic sinus surgery (3, 15, 22, 31) , and reports of its use have increased in the last 10 years (25) . It is considered a useful method for foreign body removal because of its minimal invasiveness and low incidence of complications (12, 31) .
Our review reveals that most foreign bodies, including both tooth roots and other items, are mostly removed using traditional surgical procedures. The Caldwell-Luc approach, which opens the maxillary sinus from the canine fossa, and the AA, which enlarges the socket, account for most procedures: 55.1% and 29.6%, respectively. There are no large differences in the removal methods employed in relation to the type of foreign body.
As most foreign bodies in the maxillary sinus are of iatrogenic origin (3-6), acquisition of anatomical knowledge and safe treatment techniques are necessary to prevent such cases. Reports of implant displacement due to procedural accidents in the first stage of implant surgery have been increasing rapidly with the popularity of implant treatment (8, (11) (12) (13) (14) . Accurate diagnosis of the type and location of a foreign body, and its early removal using an appropriate method prior to the possible onset of a complication such as maxillary sinusitis is desirable.
